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(54) Forming preferred orientation-controlled platinum film using oxygen 



(57) A platinum film orientation-controlled to (111). 
(200) and/or (220) is provided by depositing the plati- 
num film under an atmosphere containing an oxygen 
component such as 0 2 , 0 3 , N 2 0 ,N 2 +0 2 , or mixtures 
thereof as well as an inert gas {Ar, Ne, Kr, or Xe) on a 
substrate heated to a temperature ranged from room 



temperature to 700°C, and annealing to remove the 
gases introduced into tho platinum film during the dep- 
osition thereof. Tho platinum lilm formed in this process 
has excellent electrical conductivity (resistivity is lower 
than 15 uii-cm), good enough adhesion strength to be 
used for electronic devices, and does not show hillocks, 
voids or pinholes. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 



This application claims priority from commonry-as- * 
signed Republic of Korea Application Serial No. 
P9M7209 (filed May 6, 1997) and Serial No. 
P97-17211 (filed May 6, 1997). 



BACKGROUND OF THE INVENTION 



to 



The present invention relates to a technique for de- 
positing a platinum film, which is used as a bottom elec- 
trode for memory cells or film sensors, and to a method 
ol manufacturing such a film, particularly 10 a platinum *s 
film, which is deposited under an atmosphere containing 
an oxygen component (O a , 0 3 , C^+N 2 , N 2 0, or mixtures 
thereof) together with an inert gas (Ar, Ne, Kr or Xe) so 
that its orientation and micros! ructure can be controlled, 
and to an electronic device comprising such a platinum so 
film as an electrode and a method of manufacturing the 
electronic device. In the below description, oxygen com- 
ponent means 0 2 , 0 3> 0 2 +N 2 , N 2 0, or mixtures thereof. 
More particularly, the present invention relates to a tech- 
nique improving characteristics of a platinum film in the as 
course ol manufacturing the platinumfilm used as a bot- 
tom electrode, wherein a preferred orientation of the 
platinum film is controlled toward a predetermined di- 
rection^) and the platinum film is controlled to have a 
microstructure without any defects such as hillocks, pin- so 
holes and pores to be sufficiently useful as an electrode 
for memory cells, oc ferroelectric sensor devices. 

Semiconducting, dielectric, ferroelectric, supercon- 
ductive and magnetic ceramic materials, used in elec- 
tronic devices tend to become thinner in line with the ss 
trends of miniaturi7atlon, high-density integration and 
functional elevation of electronic ceramic parts or devic- 
es. Therefore, thin film type ceramic parts have been 
widely used in electronic industries. The substrates 
used for thin film type ceramic pHrts can be classified 40 
into three types. The first type comprises single crystal 
silicon generally referred to as silicon wafers. The sec- 
ond type comprises the other single crystals such as 
MgO, SrTi0 3 or Al 2 0 3 . The third type comprises poly- 
crystal materials such as alumina or diamond. Among 4$ 
them, silicon waters have been widely used in the con- 
ventional manufacturing processes of various types of 
electronic devices such as memory devices, or sensor 
devices. 

Polysilicon has been widely used as a bottom elec- &> 
trode material in the conventional memory cells without 
any critical problems. However, it is generally accepted 
that polysilicon cannot be used any more as a bottom 
electrode to manufacture DRAMs (Dynamic Random 
Access Memories) with oven Gigabit and FRAMs(Fer- ss 
roelectric Random Access Memories) which is a new 
type of non-volatile memory, bocausc high diolectric or 
ferroelectric oxide thin films such as perovskfte structure 



oxides, bismuth*layered perovsRntf structure oxides, 
tungsten-bronze type structure oxide, ReMnO^ (Re: 
rare-earth element), and BaMF 4 (M: Mn, C , Ni, Mg, 
Zn), are used on FRAMs, on DRAM devices requiring 
high d gree of integration over 1 Gigabit, or around the 
cor part of all types of oxide thin film sensors or actu- 
ators. That is, forming such high-dielectric oxide films 
requires an oxidation atmosphere and high temperature 
(higher than 500*C), which may cause problems relat- 
ing to the polysilicon. For example. If potysllicon is em- 
ployed as the bottom electrode in a DRAM cell using 
high-dielectric material for a capacitor, serious problems 
may occur due to oxidation of the polysilicon under the 
high temperature (over 500*C) and oxidation atmos- 
phere during formation of the high-dielectric oxide thin 
tifams. For this reason, platinum is being investigated 1or 
use in place of polysilicon as an electrode of a memory 
cell employing a high-dielectric or ferroelectric oxide, 
because platinum is stable under high temperature and 
an oxidation atmosphere. 

However, depositing platinum thin films by means 
of conventional methods has been known to pose a 
number of problems. First, the interface between an in- 
sulating oxide layer and the platinum layer does not al- 
low chemical bonding, thereby weakening the adhesion 
strength between the platinum film and the substrate. 
One of the attempts that has been made to solve this 
problem is using an adhesion layer between a platinum 
layer and an insulating oxide layer. A thin film composed 
of any one or two of Ta, Ti, TiN or W has been formed 
on an Insulating oxide layer before depositing a platinum 
thin film so that the thin film composed of any one or two 
of Ta, Ti, TiN or W serves as an adhesion layer between 
the insulating oxide layer and the platinum film. 

However, employment of this method Is known to 
not only complicate the process of forming a bottom 
electrode but also generate additional problems. In par- 
ticular, oxygen gas introduced during the post-annealing 
or high-dielectric/terroelectric oxide film depositing 
process can diffuse through voids formed between grain 
boundaries in the platinum film. Because the grains of 
the platinum films deposited by conventional processes 
have vertical columnar structures with inter-columnar 
voids, oxygen Introduced from the above-mentioned 
process can easily diffuse through the platinum film to 
the adhesion layer. The oxygen gas diffused through the 
platinum film then oxidizes the adhesion layer and forms 
an oxidized insulation layer such as TC 2 and Ta^ be- 
tween the substrate and the platinumfilm. Consequent- 
ly, the function of the platinum film as an electrode can 
become deteriorated or even lost. In particular, if the ad- 
hesion layer is formed from TiN, N 2 gas is produced 
while an oxidized layer of TiO a is formed on the surface 
of TiN layer, and the N 2 gas can cause the platinum film 
to expand and become released from adhesion layer. 
This phenomenon is known as "buckling." 

In a conventional depositing mothod of a platinum 
thin film, hillocks, pinhole* or pores are formed on the 



2 



EP0 883167 A2 



platinum film after annealing treatment 61 deposition of 
an oxide Him. These hillocks, pinholes or buckling cause 
either shorting of the circuits r heterogeneity fa high 
dielectric or lerroelectric oxide layer. 

Because of these problems, the use of xide con- * 
ductors such as Ir0 2 , Ru0 2 , LSCO, YBCO, etc.. and 
platinum-oxide hybrid structures such as IrO^/Pl, RuOj/ 
Pt, LSCO/Pt, YBCO/Pt, etc , as a bottom electrode have 
been investigated. However, when the form r is used 
as the bottom electrode, the surface is not smooth 10 
enough and/or leakage currents increase. Furthermore, 
in the latter case, the manufacturing processes become 
complicated. 

A solution 1or these disadvantages of conventional 
arts was addressed in two Korean patenl applications 
(Serial Nos. 94-3161B tiled November 26, 1994 and 
95-40450 tiled November 8, 1995) in the name ol the 
present applicants. It is well known that oxygen may be 
contained in the depositing atmosphere when employ- 
ing an insulating thin film on a substrate. The working 20 
elfect of the two inventions addressed in said Korean 
applications filed in the name of the present applicants 
suggests a new technique. According to these inven- 
tions, a platinum thin film is deposited on an insulating 
oxide layer on a silicon wafer in two steps. The first step ss 
is to form a platinum thin film containing oxygen, as op- 
posed to platinum, under an oxygen-containing atmos- 
phere. The second step is to torm a platinum layer on 
the Pi films formed at the first step under an inert gas 
atmosphere. The gases incorporated in the film during so 
the first step are removed by annealing the film to a tem- 
perature higher than the decomposition temperatures of 
platinum oxides (Pt0 2 * higher than 450°C, PtO: nlgher 
than 550*C). Through this annealing process, the oxy- 
gen contained in the platinum film during the deposition 35 
thereof is removed and the remaining platinum film be- 
comes stable. As a result, an adhesion layer is not re- 
quired and thus problems related to the adhesion layer 
are solved. 

According 10 the description in said Korean applica- *o 
tions. "an oxygen containing gaseous atmosphere" 
means a mixture of inert gas (Ar, Kr, Xe. or Ne) with ei- 
ther oxygen or ozone gas mixture, or a gas mixture con- 
taining oxygen. "A platinum thin film containing oxygen 1 
means that oxygen is contained in the platinum layer, 
partially forming a platinum oxide, and partially lormlng 
an amorphous phase in the platinum layer. 

In addition to the aforementioned disadvantages in 
the conventional arts, there still remains another unre- 
solved problem that crystallographic orientations of plat- &> 
inumthin films are uncontrollable. It is well known that 
the properties of anisotropic crystals depend on their 
crystallographic orientations. The crystallographic ori- 
entations of oxide films formed on bottom electrodes de- 
pend on the crystallographic orientations of the bottom SS 
electrodes. Therefore, ft is believed that controlling the 
preferred orientation of bottom cloctrodos is very impor- 
tant in controlling the preferred orientation of oxide films 



in ord r 1o have films with deeirabfe physical properties. 

ft is expected in the pertinent technical field that, if 
a platinum thin film employed as a b ttom led rode is 
deposited with a pref rred (200) orientation, a f rroelec- 
tric oxide thin film, which is formed on the platinum thin 
titm, c uld be mostly oriented to one direction (for ex- 
ample, c-axis). On the account of this preferred orienta- 
tion, the working elf iciency of the lectronic device is ex- 
pected to significantly increase, and its fatigue effect is 
expected to decrease. 

It is known that a platinum thin film, which is depos- 
ited on ah insulating oxide layer by the conventional 
methods, generally has a prelerred (111) orientation. 
This is due to the fact that the plane with the minimum 
surface energy in metals with face centered cubic (FCC) 
structure is (111) and, considering only the surface en- 
ergy at the depositing, the film is most stable il oriented 
toward (111). 

Conventional methods for forming preferred orien- 
tation-controlled platinum films that have been suggest- 
ed have limitations. One of such conventional methods 
is forming the platinum film on a single crystal substrate 
of the materials such as MgO, NaCI, KBr, SrTi0 3 > Al 2 0 3 , 
and LaAl0 3 . However, such a method not only is com- 
plicated in its process and incurs high unit costs lor sin- 
gle-crystalline substrates but also is incompatible with 
Ihe state-of-the art in manufacturing silicon-integrated 
circuits. Other conventional methods have formed ori- 
entation-controlled platinum films by depositing plati- 
num on a glass substrate not on a silicon wafer, or by 
using a specially designed sputtering equipment which 
has an "auxiliary electrode" in order to deposit platinum 
film on silicon substrates. However, it has been reported 
thai orientation-controlled platinum films deposited on 
glassy substrates have high resistivity (IB to 30|.ti}-cm) 
since oxygen, which was introduced during the deposi- 
tion thereof, has remained within the platinum films even 
after annealing for 10 days. Therefore, it has been 
thought to be difficult and impractical to apply this proc- 
ess to real manufacturing practices, due to the anneal- 
ing condition. 

It is seen from the above that the alternative and 
improved methods for forming preferred orientation- 
controlled platinum films onto silicon waters as well as 
other substrates are needed. It is desirable that such 
methods be compatible with silicon-Integrated circuit 
technology in some applications. It is also desirable that 
such preferred orientation-controlled platinum films 
have minimized pinholes, pores or hillocks in order to 
provide improved device performance. 

The aforementioned drawbacks have been re- 
solved by the invention disclosed in Korean Patent Ap- 
plication No. 96-7663 filed on March 21, 1996 (corre- 
sponding U.S. Application No. 08/68B.521 , filed July 30, 
1 996) by the present applicants' technology of deposit- 
ing a platinum film having 3 preferred (200) orientation 
on a silicon wafer under an atmosphcro containing ox- 
ygen. According to that invention, platinumthin films de- 
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posrted on a- silicon wafer with an insulating oxide layer 
hav good adhesion strength and a preferred (200) ori- 
ental ion. 

Therelore, 10 dat , there has been no report of de- 
sirable results with depositing a platinum film on a silicon 
substrate in such a manner that the platinum film has a 
microsiructure that can be controlled; an orientation that 
can be controlled to (1 1 1 ), (200). or (220); and an xcel- 
lent conductivity desirable for application to DRAM, 
FRAM or 6ensor devices. 

SUMMARY OF THE INVENTION 




mediate film (such a6 an insulation layer, a conductive 
plug, an adhesion layer, or a diffusion barrier layer) may 
be provided between the platinum film and the sub- 
strate, according to various specific mbodiments. In 

* accordance with other specific embodiments, the 
present invention provides an electronic device with 
preferable characteristics required for memory cells or 
sensor devices. 

The present invention along with its features and 

io advantages will now be explained in detail with refer- 
ence to the attached drawings illustrating preferred em- 
bodiments of the present invention. 



It is therefore an objective of the present invention 
to provide a method ot manufacturing a platinum film, 
the orientation and microstructure of which can be con- 
trolled irrespective ol the employment of an adhesion 
layer formed thereon, and such platinum film manufac- 
tured thereby. 

It is still another objective of the present invention 
to provide a method of manufacturing an electronic de- 
vice comprising an orientation-controlled platinum film 
and an electronic device manufactured thereby. 

According to one aspect of the present invention to 
achieve the above objectives, the present invention pro- 
vides a method of forming a platinum film on a substrate. 
The method includes the steps of; providing a substrate; 
depositing platinum on an upper surface ol the substrate 
under en inert gas atmosphere containing an oxygen 
component (0 2 , 0 3 , N 2 +0 2 , N 2 0, or mixtures thereof) 
to deposit e platinum film containing oxygen; and an- 
nealing the platinum film containing the oxygen compo- 
nent at a temperature between 450°C to 1 ,000°C which 
is higher than the decomposition temperatures of the 
platinum oxides to remove the gases incorporated into 
the platinum films during the deposition. Orientation of 
such a platinum film can be controlled by changing at 
least one ol the following parameters: the partial pres- 
sure ratio of the oxyqen component to the entire gas 
containing the inert gas and oxygen component, the 
temperature of the substrate during the deposition, and 
the annealing conditions. The platinum film can be 
formed through two or more deposition steps, according 
to specific embodiments. 

In accordance with the present invention, the plati- 
num film may be deposited by employing any one of the 
fol towing methods: direct current or radio frequency 
(DC/RF) magnetron sputtering, DC/RF sputtering, met- 
al organic chemical vapor deposition, partially ionized 
beam deposition, vacuum evaporation, laser ablation, 
and electroplating. 

In other embodiments, the method forming a plati- 
num film described above can be applied to a process 
for manufacturing an electronic device by forming a 
high-dielectric or ferroelectric oxide film on the platinum 
film. In this case, for example, the platinum film functions 
as a bottom oloctrodc. Doponding on types of electronic 
devices to which the film Is applied, a functional Inter- 



BRIEF DESCRIPTION OF THE DRAWINGS 

75 

Figs. 1a to 1c are cross-sectional views illustrating 
the steps of manufacturing an electronic device com- 
prising a platinum thin film formed according to one as- 
pect of the present invention. 

20 Fig. 2 Is a cross-sectional view illust rating a modifi- 
cation to the method ol Figs, la to 1c, in which an insu- 
lation layer is deposited to electrically separate the sub- 
strate Irom the platinum film, in accordance with another 
embodiment ol the present Invention. 

2S Figs. 3a 10 3d are cross-sectional views illustrating 
the steps of another modification to the method of Figs. 
1a to 1c, in accordance with yet another embodiment of 
the present invention. 

Fig. 4 is a cross-sectional view illustrating a modifi- 

& cation to the method of Figs. 3a to 3d. in which an insu- 
lation layer is interposed between the substrate and the 
platinum film, in accordance with a further embodiment 
of the present invention. 

Figs. 5 is a schematic cross -sect tonal view of non- 
55 volatile ferroelectric memory device, in accordance with 
a specific embodiment of the present invention. 

Fig 6 is a simplified diagram illustrating an exem- 
plary substrate processing apparatus which may be 
used in accordance with a specific embodiment of the 

40 present invention. 

Figs. 7a to 7d illustrate the relationship between the 
degree (in %) of preferred (200) orientation in the de- 
posited platinum film and the variation of four deposition 
process variables, according to a specific embodiment. 

45 Figs. 6a to Sh are graphs illustrating X-ray diffrac- 
tion (XRD) patterns of platinum films deposited in ac- 
cordance with examples 1 to 8. 

Figs. 9a and 9b are scanning electron microscope 
micrographs showing a 10,000-times magHWW planar 

so view and a 50,000-times magnified' -cross-sectional 
view, respectively, of the platinum film deposited by a 
prior art method. 

Figs. 9c and 9d are scanning electron microscope 
micrographs showing 50,000-times magnified planar 

& and cross-sectional views, respectively, of the platinum 
film deposited by example 3 according to a specific em- 
bodiment of tho present invention. 
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DESCRIPTI ON OF THE SPECIFIC EMb6D!MEMTS 

The present invention provides a method ol manu- 
facturing an rieniation-comrolled platinum film and a 
platinum film formed thereby, according to specific em* * 
bodiments. In accordanc with other specific embodi- 
ments, the present invention also provides a method ot 
manufacturing an electronic device comprising an ori- 
entation-controlled platinum film and an electronic de- 
vice manufactured thereby. Various specific embodl- 10 
ments ol the present invention provide methods of freely 
controlling a preferred orientation ot a platinum film by 
depositing a platinum film under an atmosphere contain- 
ing an oxygen component, and then annealing so that 
the orientation of the platinum film becomes (111), (200) is 
and/or (220). 

In particular, various specific embodiments o! the 
present invention are generally described below in rela- 
tion to Figs, la to 1c, Fig. 2, Figs. 3a to 3d, and Fig. 4. 
In these specific embodiments, the present invention 20 
provides for a preferred orientation -controlled platinum 
film that is formed over a substrate. According to specific 
embodiments, the present invention deposits a platinum 
film on a substrate under an atmosphere containing an 
oxygen component together with an inert gas to deposit ss 
a platinum film containing the oxygen component; and 
anneals the platinum film containing the oxygen compo- 
nent to remove the oxygen component from the plati- 
num film, whereby orientation ot the platinum film can 
be controlled by changing at least one of the following 
parameters- the partial pressure ratio of the oxygen 
component to the entire gas containing the inert gas and'- 
the oxygen component, the temperature o1 the substrate 
during the deposition, and the annealing conditions. An 
Inert gas can be selected from Ar, Ne, Kr or Xe, in ac- 35 
cordance with specific embodiments. The present in- 
vention can be applied to a process manufacturing an 
electronic device. In some embodiments, a ferroelectric 
Mm may be formed on the platinum film, with the plati- 
num film functioning, for example, as a bottom elec- 40 
trode. In some specific embodiments, depending on 
types of electronic devces to which the platinum film is 
applied, a functional intermediate tilm (such as an insu- 
lation iayer, a conductive plug, an adhesion layer, or a 
diffusion barrier layer) may be provided between the 
platinum film and the substrate, various materials that 
may be used for th e different films are discussed in detail 
below and have general applicability to the following de- 
scription o1 the specific embodiments. 

The material of the substrate may be selected from so 
one o1 the following groups: single component semicon- 
ductor materials, e.g., silicon (Si), germanium (Ge) and 
diamond (C) , compound semiconductor materials, e.g. , 
GrAs, InP, SiGe and SiC; ceramic single crystals, e.g., 
SrT10 3( LaAI0 3( Al 2 0 3 , KBr, NaCI, Zrb 2 , SI 3 N 4 , Ti6 2 , SS 
T^Os, AIISI or ceramic poly-crystals, e.g., SrT© 3 , 
LaAI0 3 , Al 2 0 3 , KBr, NaCI, MgO, ZrO z > Si 3 N 4 , Ti0 2 , 
Tap^ AIN; metals, e.g., Au, Ag, Al, lr ( Pt, Cu, Pd, Ru, 



W; and amorphou&Aglassy materials, e.g.. BSC. PSG, 
BPSG, Si. 

The materials used for afunctional intermediate tilm 
functioning as an insulating layer include SO* Si 3 N 4 , 
BPSG, MgO, CaO. CaF 2 . AL£> 3 , ZrOj. TtO a , or B 2 0 3 . 

In accordance with the present invention, the plati- 
num film may be deposited by employing any ne of the 
following methods: DC/RF magnetron sputtering, DC/ 
RF sputtering, metal organic chemical vapor deposition, 
partially ionized beam deposition, vacuum evaporation, 
laser ablation, and electroplating. 

A method manufacturing an electronic device com- 
prising a platinum film according to the present invention 
includes a slep of forming a high-dielectric/ferroelectric 
film on a top surface of a platinum film after depositing 
the platinum film. For example, materials used for the 
high-dielectric tilm or the ferroelectric tilm may be se- 
lected from any one ol the following groups: perovskite 
structure oxides, such as BT(BaTi0 3 ), BST 
(Ba^SrJOj). STfSrTiOj), PT(PbTi0 3 ), P2T(Pb(Zr,Ti) 
Oa), PLT(Pb 1 . x La x T0 3 ), PLZTfxAy/zPb^LaJ (Zy. 
TUiWs. PMNlPbmg^NbfcdQj), LiTaO a , Kfslb0 3 , K 
(Ta, NbJO^ CaTOj, SrSn0 3 , NaNbD 3 , LaA(0 3 , and 
YA10 3 ; bismuth-layered perovskite structure oxides, 
such as SrBiNbOg, SrB^Tip* SrBi2Ta 2 O g , SrBi 2 
(TayNbj.x)^ and Bi 4 Ti 3 0 12 ; a tungsten-bronze type 
structure oxide, such as Sr i0f Ba x Nb20 6 , (Sr, 
Ba)o.8^Nao.4Nb20 6 (R; Cr, Zn, Y). (Pb, Ba)Nb 2 0 6 , (K, 
Sr)Nb 2 0 6 , (Pb, K)Nb 2 Oe, PbgKNbgO^, K 3 Li 2 Nb 5 O l5 , 
(K. Na) 3 LyMb50 15 , and KjUNbjQ^; ReMn0 3 (where 
Re is a rare-earth element); BaMF 4 (where M is Mn, Co, 
Mg, orZn); and KMgF 3 . 

Specifically, Figs, la to ic are schematic cross-sec- 
tional views Illustrating the steps of manufacturing an 
electronic device comprising a platinum film deposited 
according to one aspect of the present invention. 

Referring to Fig. 1a, a platinum tilm 104 is deposited 
on a top surface of the substrate 100. The depositing 
atmosphere contains an inert gas (Ar, Ne, Xe, or Kr) and 
an oxygen component, and under the lemperature 
range between room temperature and 500°C. Accord- 
ingly, an oxygen component is contained in the platinum 
film 104 Referring to Fig. 1b, the platinum film 104 
formed on the substrate 100 is annealed under the tem- 
perature range between 450*C and 1 ,000 # C to remove 
the oxygen component from the platinum film 104. This 
process converts the platinum film 1 04 Into the platinum 
film 108 that is substantially free from the oxygen com- 
ponent. The platinum film 108 has a high- dielectric/fer- 
roelectric oxide film 112 thereon, as shown Fig. 1c, so 
that it can be used as a bottom electrode in DRAM cells 
or non-volatile high-dielectric/ ferroelectric memory 
celts or sensor devices. Though not illustrated in the 
drawings, electronic devices such as capacitors can be 
manufactured by forming a top electrode comprising the 
material identical with that of the bottom electrode, i.e., 
platinum or othor conductive material. 

For the embodiment of Figs. 1a to 1 c, preferred ori- 
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entation of the platinum film formed according to the 
above method can b corrtr lied by at least any on of 
the following parameters: th partial pressure ratio of 
the oxygen component to the entire gas containing the 
inert gas and the oxygen component, the temperature 6 
of the substrate during the deposition, and the annealing 
conditions. 

Fig. 2 is a cross sectional view illustrating a modifi- 
cation to the method of Figs, la to 1c Relerring to Fig. 
2. an Insulating layer 116 such as SlOfc or SijN 4 ts io 
formed between the substrate 100 and the platinum film 
1 06 to be formed on the top surface of the substrate 1 00. 
The platinum film 108 formed on the insulating layer 116 
is deposited under an atmosphere containing the oxy- 
gen component together with an inert gas and then an- « 
nealed as shown in Fig. 1b. In this embodiment, orien- 
tation ot the platinum film can be controlled by changing 
at least one of the following parameters: the partial pres- 
sure ratio of the oxygen component to the entire gas 
containing the Inert gas and the oxygen component, the so 
temperature of the substrate during the deposition; and 
the annealing conditions. 

Alternatively, a platinum film can be deposited in 
two or more separate steps as shown in Figs. 3a to 3d 
which show the steps manufacturing an electronic de- ss 
vice comprising a platinum film deposited according to 
another aspect of the present invention. Referring to Fig. 
3a, a first thickness part 304 of the platinum film is de- 
posited on the top surface of a substrate 300 under an 
inert gas atmosphere Following this, a second thick- $0 
ness part 308 of the platinum film ts deposited on the 
top surface of the first thickness part 304 under an at- 
mosphere containing an oxygen component together 
with an inen gas as shown In Fig. 3b. Fig. 3c shows an 
annealing process to remove the gases incorporated ss 
during sputtering of the second thickness part 308. This 
process converts the platinum films 304 and 308 to the 
platinum film 306 that is substantially free of the oxygen 
component. As shown in Fig. 3d, an electronic device 
such as a capacitor is produced by forming a high-die- *o 
lectric/terroelectric oxide film 316 on the top surface of 
the annealed platinum film 306(304+308) and forming 
a top electrode (not shown in Fig. 3d) made from the 
same material as that ot the bottom electrode or other 
conductive materials. 45 

Fig 4 is a cross-sectional view illustrating a modifi- 
cation to the method illustrated In Figs. 3a to 3d, In which 
an insulating layer 320 is deposited for insulation be- 
tween the substrate 300 and the platinum film 306. 

Merely as examples, Figs. 3a to 3d and 4 illustrate &> 
methods depositing a platinum film in only two steps. 
However, the platinum film can also be deposited in 
three or more steps, according to other specific embod- 
iments. When depositing in three or more steps, inert 
gas of argon alone is employed in the first step to form & 
a platinum film of the first deposited thickness. Argon 
gas mixed with the oxygon component Is employed in 
the second step to deposit a platinum film of a second 



n. 



deposited thickness. A platinum film of a third deposited 
thickness can be deposited in the remaining steps by 
employing an friert gas or a mixture of an inert gas with 
an oxygen component. 

Description of exemplary integrated circuit device 

Fig. 5 represents a schematic diagram of an exem- 
plary integrated circuit device, such as a non -volatile fer- 
roelectric memory device, which may also be fabricated 
in accordance with the present invention. As seen in Fig. 

5, formed in the cell region of a substrate 500 is a tran- 
sistor having a gate electrode 502 and source/drain re- 
gions 504. Also formed in the non-volatile ferroelectric 
memory device is a ferroelectric capacitor. The capaci- 
tor includes a top capacitor electrode 510, a bottom ca- 
pacitor electrode 512, and a ferroelectric material 514 
(e.g., P2T) formed between electrodes 510 and 512. 
Formed underneath the bottom capacitor electrode 512 
is a buffer layer 51 6 (e.g., TTO^) formed over an insulat- 
ing layer 51 8 on substrate 500. As discussed above, the 
present invention may be used to deposit orientation- 
controlled platinum for use as bottom electrode 51 2 and/ 
or upper electrode 510. 

Figs. 5 is merely a representative example of inte- 
grated circuit devices which may be fabricated in ac- 
cordance with specific embodiments of the present in- 
vention. Of course, other devices also may be fabricated 
in accordance with other specific embodiments. 

Description of exemplary substrate processing 
apparatus 

In accordance with the present invention, the plati- 
num film may be deposited by employing any one of the 
following methods: DC/RF magnetron sputtering, DC/ 
RF sputtering, metal organic chemical vapor deposition, 
partially ionized beam deposition, vacuum evaporation, 
laser ablation, and electroplating. 

Fig. 6 is a simplified diagram illustrating an exem- 
plary substrate processing apparatus, such as a DC 
sputtering apparatus 600, which may be used in accord- 
ance with a specific embodiment ot the present inven- 
tion. In the exemplary sputter deposition system of Fig 

6, a platinum target 602 (a plate of the platinum material 
that is to be deposited) Is connected to a DC power sup- 
ply 606 (alternatively, in a RF sputtering system, target 
602 is connected to a RF power 6Upply) at a negative 
vottage and about 100 Wati to 200 Watt power while a 
substrate holder 604 facing target 602 is grounded (as 
seen in the specific embodiment of Fig. 6) or/and heated 
by a heater under substrate holder 604. In specific em- 
bodiments, platinum target 602 may be a 2 inch, 4 inch 
or 6 inch diameter target for a 2 inch, 4 inch or 6 inch 
diameter substrate, respectively. In the specific embod- 
iment discussed below, a 4 inch diameter was used for 
target 602 and the substrate. An Inert gas, such as a rgon 
in the specific embodiment, Is flowed through a gas line 
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600 at a rafe controlled by a mass flow controller 610 
int the system from an argon source 6 1 2. As mentioned 
earlier, an inert gas can be selected Irom Ar. Ne. Kr or 
Xe, in acc rdance with various specific embodiments. 
In embodiments where nitrogen is used, nitrogen also * 
is flowed from a nitrogen source 614 through a gas lin 
606 at a rate controlled by a mass flow c ntroller 616. 
Oxygen also is flowed from an oxygen source 61 3 
through a gas tine 608 at a rate controlled by a mass 
flow controller 61 5. In the specific embodiment, valves w 
616 are also used for inert gas source 612, oxygen 
source 613 and nitrogen source 614. In the specific em- 
bodiment, the system is typically maintained at a basic 
pressure on the order of below 10" 6 Torr. The glow dis- 
charge can be initialed and maintained in the mTorr 
range by using an exhaust valve 624. When the glow 
discharge is started, positive ions strike target 602, and 
target platinum atoms are removed by momentum 
transfer When a sliding shutter 620 is adjusted to ex- 
pose substrate holder 604, these target platinum atoms so 
subsequently condense into a thin platinum film on a 
substrate 622. which is on substrate holder 604. Target 
602 and substrate holder 604 are tilted to each other by 
about 30 in the specific embodiment. Substrate holder 
604 rotates during sputter deposition for obtaining uni- & 
form platinum film deposition over substrate 622 at a ro- 
tating speed of about 3 revolutions per minute (rpm), ac- 
cording to the specific embodiment. Prior to sputter dep- 
osition, substrate 622 was loaded using a magnetic bar 
into system 600 through a load lock chamber (not &> 
shown) coupled to the main chamber containing sub- 
strate holder 604. During sputter deposition, the total 
gas pressure within the main chamber of system 600 is 
controlled to a set value by exhaust valve 624, which te 
connected to a pumping system (not shown). Exhaust 3S 
valve 624 also controls the flow of exhaust from system 
600. ft is noted that no auxiliary electrode is required 
with the exemplary sputtering deposition system 600 in 
order to deposit a preferred orientation-controlled plati- 
num film onto substrate 622, which is a silicon substrate 40 
in the specific embodiment. For some embodiments, a 
magnetron gun may also be used to provide DC/RF 
magnetron sputtering. 

Description of exemplary platinum deposition 4$ 
processes 

Exemplary processing conditions and variables for 
sputter depositing preferred orientation -controlled plat- 
inum using an inert gas, such as argon in the specific &> 
embodiment, and oxygen gas are described as follows. 
In controlling the preferred orientation of the deposited 
platinum film, four variables are important: (i) the sub- 
strate temperature (TS) which is, more specifically for 
the specific embodiment, the temperature of the sub- *5 
strate surface during the deposition; (ii) the oxygen gas 
content in the gas (Fo2 (in %)= 100 x (O2 partial pres- 
sure/total gas pressure)); (ill) the total gas pressure (P^ 



= in rt gas partial pressur +0^ partial pr ssure), which 
is, more specifically lor th specific embodiment, the to- 
tal gas pressure during film deposition; and (rv) the film 
deposit! n rate (DR (in /minut ) = film thickness / time 
spent in film deposition). These four variables determine 
many properties ol the deposited platinum film, such as 
preferred orientation, hillock and/or pinhole formation, 
residual stress in the film, etc. In order to make orienta- 
tion-controlled, defect-free platinum thin films, each of 
these variables preferably shoo Id be controlled within 
some ranges, as discussed generally below. 

Deposition conditions 1or preferred (200) orientation- 
controlled platinum films 

Figs. 7a to7d illustrate the relationship between the 
degree (in %) of preferred (200) orientation in the de- 
posited platinum film and the variation of the above-dis- 
cussed four deposition process variables. In particular, 
the degree of preferred (200) orientation In the deposit- 
ed platinum film is defined as follows: 



< 200)= 100X [( I (200)) / ( I (111 ) - 



'(200)**" '(220) 



)](%) 



where l (hkJJ is the X-ray diffraction intensity of the (hkl) 
plane. 

Fig. 7a illustrates the effect of changing the sub- 
strate temperature T ft on the degree of preferred (200) 
orientation. For the data shown in Fig. 7a, P tot = 2 mTorr 
and DR = 130 A/min. With low oxygen content <Fo2 = 3 
%), the range ol T K tor obtaining (200) orientation is tow- 
er than the range of the case with higher oxygen content 
(F02 - 15 %), as shown in Fig. 7a. Close to 100% of 
preferred (200) orientation-controlled platinum film is 
obtained 1or Foj = 3 % at a substrate temperature of 
about 180*C; whereas^ close to 100% of prelerred (200) 
orientation-controlled platinum film Is obtained for Foj _ 
15 % at a substrate temperature of about 41 0 9 C. 

Fig. 7b illustrates the effect of changing the oxygen 
content (F02) on the degree of preferred (200) orienta- 
tion. For the data shown in Fig. 7b, P tol = 10 mTorr and 
DR = 150 A/min. At a tower T 5 (100°C), the range of 
oxygen content for obtaining a preferred (200) orienta- 
tion is lower than that of the case at a higher T 8 (50XTC), 
as shown in Fig. 7b. Almost 100% of preferred (200) ori- 
entation-controlled platinum film Is obtained for the ox- 
ygen content of about 5 % when depositing at a sub- 
strate temperature of 100'C. In contrast, almost 100% 
of preferred (200) orientation-controlled platinum film is 
obtained for the oxygon content of about 1 3% when de- 
positing at a substrate temperature of 500° C. 

Fig. 7c illustrates the effect of changing the total gas 
pressure (P tot ) on the degree of preferred (200) orienta- 
tion. For the data shown in Fig. 7c, Fc^ = 6%, T S =300°C ( 
and DR = 150 A/min. As seen in Fig. 7c, total gas pres- 
sure should be in the range of about 10-12 mTorr in orde r 
to obtain close to 100% of preferred (200) ortentation- 
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controlled platinum film. 

Fig. 7d illustrat s the effect of deposition rat on the 
degree ot pret rred (200) orientation. For the data 
shown in Fig. 7d, P to , = 10 mTon and T. = 300°C. With 
low oxygen content {F02 = 3 %), the range ot deposition 
rates for obtaining preferred (200) orientation-controlled 
platinum film is lower than the range of th case with 
higher oxygen content (Foj - 15 %), as 6hown in Fig. 
7d. in particular, almost 100% ot preferred (200) rien- 
tai ion -controlled platinum film Is obtained for F02 - 3 % 
at a deposition rate of about 140 A/min; whereas, dose 
to 100% of preferred (200) orientation-controlled plati- 
num film is obtained tor F02 = 15 % at a deposition rate 
ol about 260 A/min. 

From the above figures showing the relation be- 
tween the degree of preferred (200) orientation and tour 
deposition processing variables, the preferred ranges 
for the deposition conditions in argon and oxygen gas 
deposit ion atmosphere were found to be as follows: T g 
ot about 100*C to about 500°C; F02 of about 3-15 %; 
P tot ol about 10-T2 mTorr; and DR of about 120-270 A/ 
min. 

Deposition conditions for preferred (in) orientation- 
controlled platinum films 

Similar experiments were performed in order to ob- 
tain the preferred deposition conditions for the preferred 
(111 ) oriental ion -controlled platinum films, except using 
the degree of preferred (111) orientation in the deposited 
platinum film defined as follows: 

'(111) = 100 X K'dn/ ('(111) + 1(200) + "(220)) J W 

where 1^ is the X-ray diffraction intensity of the (hkl) 
plane. Platinum films having the preferred (11 1) orien- 
tation were deposited in experiments to determine pre- 
ferred conditions. For preferred (111) orientation-con- 
trolled platinum films, the preferred ranges for the dep- 
osition conditions r» argon and oxygen gas deposition 
atmosphere were found to be as follows: T K of about 
1 00°C to about 600°C ; Fo 2 o1 about 1-10%; P tet of about 
5-7 mTorr; and DR of about 80-240 A/min. Under these 
processing condition ranges, preferred (111) orienta- 
tion-controlled platinum films that were defect-free could 
be achieved. It was noted that the higher the substrate 
temperature, the higher oxygen content that is required. 
Fu rther, it was seen that If P tol Is too low and the oxygen 
content is too high, many hillocks lormed on the pre- 
ferred (111) orientation-controlled platinum films. It was 
also seen that if P lot is too high and the oxygen content 
is too low, many pinholes formed on the preferred (111 ) 
orientation-controlled platinum films. 
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Deposition c ndrtions for preferred (220) or ientation- 
cont rolled platinum 

Similar experiments were performed in order to ob- 
* lain the preferred deposition conditions for the preferred 
(220) orientation-controlled platinum tilms, except using 
the degree ot preferred (220) orientation in the deposit- 
ed platinum film defined as follows: 

W) = 100 x 1<W (l 0"> 1 'poo) 1 W) 

where is the X-ray diffraction intensity of the (hk1) 
plane. Platinum films having the preferred (220) orien- 
ts tat ion were deposited in experiments to determine pre- 
ferred conditions. For prelened (220) orientation-con- 
trolled platinum tilms, the preferred ranges for the dep- 
osition conditions in argon and oxygen gas deposition 
atmosphere were found to be as follows: T 6 of about 
20 100*C to about 500°C; Foj of about 15-25%; P lot of 
about 5-6 mTorr; and DR of about 100-300 A/min. Under 
these processing condition ranges, preferred (220) ori- 
entation-controlled platinum films that were defect-tree 
could be achieved. Preferred (220) platinum films are 
25 obtained at low pressure and high oxygen content. If the 
gas pressure is too low, many hillocks formed on the 
films. 

it is noted that the values ol these four process var- 
iables may not be universal (i.e., the value of a certain 

30 variable to achieve some property ol the film may vary 
according to the specific substrate processing appara- 
tus used). For example, these variables may vary de- 
pending on the geometrical factors o1 chamber volume, 
target-substrate distance and other properties, such as 

35 the magnetic field intensity of the magnetron gun if a 
magnetron sputtering apparatus is used. 

Besides the importance of these process variables 
during the deposition, the annealing conditions are also 
important for obtaining preferred orientation-controlled 

40 and defect-free platinum films. In order to remove most 
ot the oxygen component gas from the deposited plati- 
num film, the annealing temperature range is preferably 
from about 450°C to about 1000°C. 

45 Experimental Results 

Example 1 

An Insulation layer of Si0 2 was formed on a silicon 
so wafer. A platinum film ot2000A thickness was deposited 
on the insulation layer under an atmosphere containing 
oxygen. 

o Deposition method: DC magnetron sputtering 
£$ o Depositing atmosphere: Ah0 2 

o Partial pressure ratio of oxygen to the entire depos- 
iting atmosphere: 10% 
o Substrate temperature: room temperature 
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< Annealing conditions: 800*C for two hours under an 
air atmosphere 

The platinum film formed in this xample 1 has a 
preferred (200) orientation as shown in Fig. 8a. 

Example 2 

The deposition was performed under the same con- 
ditions as In the Example 1 except that the temperature 
ol the substrate was changed to 300° C and the anneal- 
ing conditions were changed to 700 ft C for one hour. The 
platinum film has a preferred (200) orientation as shown 
in Fig. Bb. 

Example 3 



Deposition method: DC magnetron sputtering 
Deposition atmosphere: Ar + (O2+N2) mixture 
Partial pressor ratio of xygervnrtrogen containing 
gas mixture to the entir depositing atmosphere: 
10% 

Substrate temperatur : 300°C 

Annealing conditions: 600 D C for one hour under an 

airatmosph re 



TO 



75 



An insulation layer of Si0 2 was formed on a silicon 
wafer. Following this, a platinum film o1 2.000A thickness 
was formed on the insulation layer under an atmosphere so Example 7 
containing oxygen. 



As can be seen from Fig. Be, the preferred orienta- 
tion of the platinum film is (200). 

Example 6 

Experimental conditions were same with those in 
Example 5 except that the substrate temperature was 
changed to 500°C. The platinum film obtained has a pre- 
ferred (111) orientation as shown in Fig. Bf. 



Deposition method: DC magnetron sputtering 
Deposition atmosphere: Ar+Oj 
Partial pressure ratio of oxygen to the entire depos- 
iting atmosphere: 30% 
Substrate temperature: 500°C 
Annealing conditions: 700°C for one hour under an 
air atmosphere 



25 
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The platinum film deposited under the above con- 
dition has a prelerred (111) orientation as shown in Fig. 
Sc. 



Experimental conditions were the same as those in 
Example 5 expect that the substrate temperature was 
changed to room temperature. The platinum film ob- 
tained has e mixed {(111) and (200)} orientation as 
shown in Fig. Bg. 

Example B 

In this example, an insulation layer of SiOj was 
formed on a silicon wafer and then a platinum film of 
2.000A thickness was deposited on the insulation layer 
under an atmosphere containing oxygen. 



Example 4 

An insulation layer of Si0 2 was formed on a silicon 
wafer. Following this, a platinum film o1 2, 000A thickness 
was formed on the insulation layer under an atmosphere 
containing oxygen. 

o Deposition method: DC magnetron sputtering 

o Deposition atmosphere: Ar+0 2 

o Partial pressure ratio of oxygen to the entire depos- 
iting atmosphere: 15% 

o Substrate temperature: 400 # C 

o Annealing conditions: 700*C for one hour under an 
air atmosphere 

The platinum film has a mixed {(111) and (200)) ori- 
entation as shown in Fig. 8d. 

Example 5 

An insulation layer of S0 2 was formed on a silicon 
wafer. Following this, a platinum film ol 2.000A thickness 
was deposited on the Insulation layer under an atmos- 
phere containing an oxygen component. 



The platinum film has a preferred (220) orientation 
as shown In Fig. 8h. 

Figs. 9a and 9b are scanning electron microscope 
micrographs showing a 10,000-times magnified planar 
view* and a 50,000-times magnified cross-sectional 
view, respectively, of the platinum film deposited by a 
prior ait method. In this prior art method, a platinum film 
is coated on a titanium aoTiesion layer deposited on a 
Si0 2 substrate in an argon atmosphere, and then an- 
nealed for one hour at 600*C. The many white spots 
observed in Fig. 9a are hillocks or protrusions in the plat- 
inum film ol the prior art. Moreover, it is clearty seen in 
the cross-sectional view of Fig. 9b that the platinum film 
of the prior art has a very rough surface as a resuh of 
these hillocks. Figs. 9c and 9d arc scanning electron mi- 
croscope micrographs showing 50,000-times magnified 



3S o Deposition method: DC magnetron sputtering 
o Depositing atmosphere: Ar+0 2 
o Partial pressure ratio of oxygen to the entire depos- 
iting atmosphere: 25% 
o Substrate temperature: 200°C 
40 o Annealing conditions: 600 D C for one hour under an 
air atmosphere 
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planar and cross-sectional views, respectively, of th 
platinum tilm deposited by Example 3 according to the 
present invention. In contrast with the prior art platinum 
film, the platinum fikn of a specific embodim nt of th 
present invention appears to be 1ree 1 hillocks r other 
defects, as seen in Fig. 9c. Moreover, the cross-section- 
al view of Fig. 9d demonsi rates thai the surface ol the 
platinum film is smooth. This example shows that th 
platinum film deposited by the present invention has n 
hillocks or any other defects. 

The platinum films formed in the other Examples 
show the same results. This means that the platinum 
films formed according to the present invention are ori- 
ental ion -controllable, and have dense structures show- 
ing no hillocks, pinholes or buckling unlike the platinum 
tilms lormed according to the prior arts. The platinum 
films formed in accordance with the present invention 
show an excellent electrical conductivity and the resis- 
tivity thereof is lower than 1 5 uii-cm. 

It is clear Irom the above description thai the pre- 
ferred orientation of a platinum film can be controlled by 
varying at least one of the following parameters: the par- 
tial pressure ratio of the oxygen component to the entire 
gas containing the inert gas and oxygen component, the 
temperature of the substrate during the deposition, and 
the annealing conditions. 

Since the orientation of the platinum rifem is freely 
controllable, it is possible to form a platinum tilm having 
desired characteristics 1or a particular electronic device 
which uses the platinum film as a bottom electrode. 
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Th method of claim 1 . wh rein the orientation of 
the platinum film is controlled by at least one ol the 
following parameters; the partial pressure ratio of 
the oxygen component to the ntire gas containing 
th inert gas and oxygen component, the tempera- 
tur of the substrate during the deposition, and the 
annealing conditions. 

The method of claim 1 , wherein the inert gas is any 
one of Ar, Ne. Kr or Xe. 

The method of claim 1 , wherein the partial pressure 
ratio of the oxygen component to the entire gas is 
less than 50%. 

The method of claim 1, wherein the temperature of 
the substrate during deposition ranges between 
room temperature and 70O°C. 

The method o1 claim 1, wherein the orientation is 
controlled so that the degree ol preferred orienta- 
tion of the platinum film expressed in the following 
equation is greater than 80%: 



where 



(hkl): (111), (200). (220) 

I: Intensity ol an X-ray diffraction 



Claims 

1 . A method of forming a platinum film, for memory de- 
vices and sensor devices, which is orientation -con- 
trolled to (111). (200) and/or (220), comprising the 
steps ol: 

providing a silicon substrate; 

forming an insulation layer on the top surface 

of the silicon wafer; 

depositing a platinum film on the top surface of 
the insulation layer under an atmosphere of an 
Inert gas mixed with an oxygen component 
such asOg, 0 3 . NgO, N 2 40 2 . or mixtures there- 
of to obtain a platinum film containing the oxy- 
gen component, and 

annealing the platinum film containing the oxy- 
gen component at a temperature between 
450°C and 1,000'C which is higher than the de- 
composition temperatures of platinum oxides to 
remove the gases incorporated into the plati- 
num film during the deposition, whereby the 
platinum film is converted to have a micros! ruc- 
ture without any defects such as hillocks, pin- 
holes and pores and the resistivity thereof doos 
not exceed I5uil-cm. 



a (hW) = '(HI) + '(200) + \220y 

35 

7. The method of claim 1 . wherein the insulation layer 
is formed from a material selected from the group 
consisting of Si0 2 , Si 3 N 4 , BPSG, MgO, CaO, CaF 2 , 
A\ 2 0^ Bp^ BSG or PSG. 

40 

8. Tho method of claim 1, wherein the deposition of 
platinum film is performed by a process selected 
from the group consisting of DC/RF sputtering, DC/ 
RF magnetron sputtering, metal organic chemical 

45 vapor deposition, vacuum evaporation, laser abla- 
tion, partially ionized beam deposition, and electro- 
plating. 

fi. A method of manufacturing an orlentation-controi- 
&> led platinum film, comprising the steps of: 

providing a subs I rale, 

depositing a platinum film on the substrate un- 
der an atmosphere of an inert gas mixed with 
ss an oxygen component such as 0 3 , N2O , 

Nj+O^, or mixtures thereof to obtain a platinum 
film containing the oxygen component; and 
annealing the platinum film containing the oxy- 
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gen component under a temperature between 
450*C and 1,000'C which is higher than thede- 
compositkxi temperatures of platinum x'desto 
remove the gases incorporated into the plati- 
num film during the deposition. 

1 0. The method of claim 9, further comprising a step of 
forming an insulation layer on the upper surface of 
the substrate before depositing the platinum film. 

1 1 . The method of claim 1 0, wherein the insulation layer 
is formed from a material selected Irom the group 
consisting of Si0 2 , Si 3 N 4 , BPSG, MgO, CaO, CaF 2 , 



12. The method of claim 9. wherein the orientation of 
the platinum film is controlled by at least one of the 
following parameters; the partial pressure ratio of 
the oxygen component to the entire gas containing 
the inert gas and oxygen component, the tempera- 
ture of the substrate during the deposition, and the 
annealing conditions. 



13. The method of claim 9, wherein the inert gas Is any 
one of Ar, Ne, Kr, or Xe. ss 

1 4. The method of claim 9, wherein the partial pressure 
ratio of the oxygen compon'em to the entire gas is 
less than 50%. 



15. The method of claim 9, wherein the temperature of 
the substrate ranges between room temperature 
and 700°C. 

16. The method of claim 9, wherein the orientation is 
controlled so that the degree of preferred orienta- 
tion of the platinum tilm expressed in the following 
equation is greater than 80%: 



'<h*r 



x ioo (%) 

(AW) 



where 



(hkl): (111), (200), (220) 

I: Intensity of an X-ray diffraction 



(hW) 



'(111) + , (200) + 



(220)' 



17. The method of claim 9, wheroin the platinum film 
af ler annealing has a resistivity less lhan 1 5 ull-cm. 

18. The method of claim 9. wherein the deposition of 
platinum film is performed by a process selected 
from the group consisting of DC/RF sputtering, DC/ 
RF magnetron sputtering, metal organic chemical 
vapor deposition, vacuum eveporation, laser abla- 
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lion, partially ionized beam deposition, and electro- 
plating. 

19. The method of claim 9. wherein the substrate is 
formed from a material selected from the group con- 
sisting of: single-component semiconductors such 
as Ge and C; compound semiconductors such as 
GaAs, InP, Si/Ge and SiC; single-crystal ceramics 
such as SrT© 3 , LaAO^ Aip^ KBr, NaCI, ZrCXj, 
Si 3 N4, T© 2 , "fa^ and AIN » poly-crystal ceramics 
suchas Si, SrTi0 3 , LaAIO a . AL>0 3 , rVlgO, KBr, NaCI, 
Zr0 2 , Si 3 N 4 , Ti0 2 , TagOg and AIN; metals such as 
Au, Ag, AI, lr» Pt, Cu, Pd, Ru and W, and amorphous/ 
glassy materials such as BSG, PSG, BPSG and Si. 

20. A method of manufacturing an electronic device in- 
corporating a platinum film orientation-controlled to 
(111), (200) and/or (220) as a bottom electrode, 
comprising the steps of: 

providing a substrate; 

depositing a platinum film on the top surface of 
substrate under an atmosphere of an inert gas 
mixed with an oxygen component such as Oj, 
0 3 , N 2 0, N 2 +0 2 , or mixtures thereof to obtain 
a platinum film containing the oxygen compo- 
nent; and 

annealing the platinum film containing the oxy- 
gen component under a temperature between 
450°C and 1 t 000°C which is higher than the de- 
composition temperatures of platinum oxides to 
remove the gases incorporated into the plati- 
num film during the deposition; and 
forming a high diel ectric/Ie rroelectric film on the 
top surface of the platinum film. 

21. The method of claim 20, wherein the orientation of 
the platinum film is controlled by at least one of the 
following parameters; the partial pressure ratio of 
the oxygen component to the entire gas containing 
the inert gas and oxygen component, the tempera- 
ture of the substrate during the deposition, and the 
annealing conditions. 



45 22. The method of claim 20, further comprising a step 
of forming an insulation layer on the upper surface 
of the substrate before depositing the platinum film. 
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23. Themethodof claim 22, wherein the insulation layer 
is formed from a material selected from the group 
consisting of Si0 2 , Si 3 N 4 , BPSG, MgO, CaO. CaF 2 , 
^2°* B2°* BSG or PSG. 

24. The method ol claim 20, wherein the inert gas is any 
one of Ar, Ne, Kr and Xe. 

25. Tho method of claim 20, whorcln the partial pros- 
sure ratio of the oxygen component to the entire gas 
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is less than 60%. 



26. The method of claim 20. wherein the temperalure 
d the substrate ranges between room temperature 
and 700° C. 

27. The method ol claim 20, wherein the degree of pre- 
ferred oriental ion of the platinum film b controlled 
so that the degree ol preferred orientation of the 
platinum film expressed in the 1ol lowing equation Is 
greater than 80%: 



where 

<hkl):(111), (200), (220) 

I: Intensity of an X-ray diffraction 

X, (hklf l (l") +, C200)" , " , C220)' 

28. The method ot claim 20, wherein the deposition of 
platinum film is performed by a process selected 
from the group consisting of DC/RF sputtering, DC/ 
RF magnetron sputtering, metal organic chemical 
vapor deposition, vacuum evaporation, laser abla- 
tion, partially Ionized beam deposition, and electro- 
plating. 

29. The method of claim 20, wherein the substrate is 
formed from a material selected Irom the group con- 
sisting of: single-component semiconductors such 
as Ge and C; compound semiconductors such as 
GaAs, InP, Si/Ge and SiC; single-crystal ceramics 
such as SrTi0 3i LaAI0 3l sapphire, KBr, NaCI, Zr0 2 , 
S\^U At Ti0 2 , Ta 2 Oi anc * poly-crystal ceramics 
such as Si, SrT0 3 , LaAI0 3( MgO, KBr, NaCI, AljO^ 
Zr0 2 , SI 3 N 4 , Ti0 2 , Ta 2 O s and AIN; metals such as 
Au, Ag, Al, Ir, Pt, Cu, Pd, Ruand W; and amorphous/ 
glassy materials such as BSG, PSG, BPSG and Si. 

30. The method o1 claim 20, wherein the high-dielectric 
or ferroelectric film is formed from a material select- 
ed from the group comprising perovskite structure 
oxides <BT(BaTi0 3 ), BST(Ba , , X S r x Ti0 3 ) , ST 
(SrTi0 3 ), PT(PbTi0 3 ), PZT(Pb(Zr, Tl)0 3 ), PLT 
(Pb^La/TiCy, PLZT((Pb 1 . x La x )(2r y T. 2 ) 1 ^ M 0 3 ), 
PMNJPbMg^NbartPa), LINbOa, LiTaO 0 , KNb0 3 , K 
(Ta, Nb)0 3 , CaT10 3 , SrSnQ 3 , NaNbO,, LaAlOa, 
YAI0 3 }, b ismu I h- layered perovskile structure ox- 
ides {SrB^IMbjC^, SrBi 2 Ti 2 0 9 , SrBl2Ta 2 0 9l SrB^ 
(Ta^bj.^Og, Bi 4 Ti 3 0 12 }. tungsten-bronze type 
structure oxides {Sr-^Ba^N^Oe,' (Sr. 
Ba) 0 s RvNao,4Nb 2 0 6 (R:Cr, Zn, Y), (Pb, Ba)Nb 2 O e , 
<K, Sr)Nb 2 0 6 , (Pb, K)Nb 2 0 6 , Pb. 2 KNb 5 O ie . 
K 3 Li2Nb 5 O l5 . (K, Na) 3 Li 2 Nbg0 15 , KsBiNbjO,-}. 



ReMn0 3 (Re: rear-earth lement), 6aMF 4 (M: Mn, 
Co, Ni, Mg, Zn), and KMgF 3 . 

31. A method of manufacturing an electronic device in- 
* corporating a platinum film oriental ton-control led to 

(111). (200) and/or (220) as a top electrode, com- 
prising the steps of: 

providing a substrate; 
io depositing a bottom el ectrode such as platin urn 

or conductive oxide on the top surface of 
substrate ;and 

lorming a high dielectric/ferroelectric tiim on the 
top surface of the bottom electrode; and 

'5 depositing a platinum film as a top electrode on 

the top surface of the high dielectric/ferroelec- 
tric film under an atmosphere of an inert gas 
mixed with an oxygen component such as C^, 
0 3 , ^2° » N 2+°2» or matures thereof to obtain 

so a platinum film containing the oxygen compo- 

nent; and 

annealing the platinum film containing the oxy- 
gen component under a_temperature between 
450°C and 1 ,000 # C which is higher than the de- 
2S composition temperatures of platinum oxides to 

remove the gases incorporated into the plati- 
num film during the deposition. 

32. The method of claim 31 , wherein the orientation of 
the platinum film is controlled by at least one ol the 
following parameters; the partial pressure ratio of 
the oxygen component to the entire gas containing 
the inert gas and oxygen component, the tempera- 
ture of the substrate during the deposition, and the 

ss annealing conditions. 

33. The method ol claim 31, further comprising a step 
of forming an insulation layer on the upper surface 
of the substrate before depositing the bottom elec- 

40 trode. 

34. The method ol claim 33, wherein the insulation layer 
is lormed from a material selected from the group 
consisting of SiOj, Si 3 N 4 , BPSG, MgO, CaO, CaF 2 , 

4$ AljO^, Bpa. BSG or PSG. 

35. The method of claim 31 , wherein the Inert gas is any 
one of Ar, Ne, Kr, or Xe. 

& 36. The method of claim 31, wherein the partial pres- 
sure ratio of the oxygen component to the entire gas 
is less than 50%. 



ss 



37. The method of claim 31 , wherein the temperature 
of the substrate ranges between room temperature 
and 700 # C. 

38. The method of claim 31 , wherein the orientation ts 
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controlled eo that the degree oi starred orienta- 
tion o1 the platinum tiim expressed in th following 
equation is greater than 80%: 



In 



W = xT Lx100 ^ 



where 



(hkl): (111), (200), (220) 

I.: Intensity of an X-ray diffraction 



TO 



XI 



:| (111) + l {200) + , (220)" 



39. The method of claim 31, wherein the deposition of 
platinum film is performed by a process selected 
from the group consisting of DC/RF sputtering, DC/ 
RF magnetron sputtering, metal organic chemical 
vapor deposition, vacuum evaporation, laser abla- 
tion, partially ionized beam deposition, and electro- 
plating. 
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Ar(inert gas) + Oxygen components 
(Oj, Oj, 0 2 +Ni, NjO, or mixtures thereof) 
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